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Description 

[0001] The present invention relates in general to a 
reference means for memory arrays, and more particu- 
larly to a reference means which may be utilized to de- 
termine the thresholds of flash electrically erasable pro- 
grammable read only memory (EEPROM) cells utilized 
in low voltage supply and multi-density memory arrays. 
[0002] One traditional referencing scheme utilized to 
determine the threshold of a memory cell includes an 
unprogrammed reference cell coupled with a sense ra- 
tio. Fig. 1 shows such a reference cell 1 00 coupled with 
a sense ratio to provide a reference for an array cell 1 02. 
The sense ratio is provided by two parallel resistive el- 
ements 112 and 114, having the same value R connect- 
ed between V cc and the drain of array cell 1 00, and an 
additional resistive element 116, of value R, connected 
between V cc and the drain of array cell 102. The drain 
of reference cell 100 provides a reference output to one 
input of comparator 104. The drain of array cell 102 pro- 
vides an array cell output to a second input of compa- 
rator 104. The output of comparator 104 indicates the 
threshold state of array cell 102. 
[0003] To read the states of the array cell 1 02 in Fig. 
1 , V cc is applied to the gates of reference cell 100 and 
array cell 102. When V cc is applied, the sense ratio will 
vary the voltage seen by comparator 104 at the drain of 
reference cell 100 as compared to the drain of array cell 
102. The voltage seen by comparator 104 at the drain 
of reference cell 100 is, thus, V CC -1/2RI D , whereas the 
voltage seen by the comparator at the drain of array cell 
102 is V CC -I D R: l D is controlled by the thresholds, v t , of 
the reference cell 1 00 and array cell 102 as seen by the 
saturation equation for a MOS transistor l D = K(v GS - 
v t ) 2 , where v GS here is equal to V cc . With both the ref- 
erence cell 100 and array cell 102 unprogrammed, or 
having an identical threshold v t , the sense ratio will pro- 
vide a higher voltage at the reference output to compa- 
rator 104 than the array cell output causing comparator 
104 to output a first state. With the array cell pro- 
grammed to have a threshold raised to a certain level, 
l D for the array cell will be reduced and the voltage of 
the array cell output will rise above the voltage at the 
reference cell output causing comparator 104 to output 
a second state. 

[0004] Because the sense ratio method utilizes differ- 
ing resistor ratios connected to the drains of the refer- 
ence cell and the array cell, the sense ratio method pro- 
vides a reference output varying with respect to an array 
cell output due to temperature and process variations of 
the resistive elements as well as variations in V cc . 
[0005] The circuitry of Fig. 3 illustrates another tradi- 
tional referencing scheme called a bias gate method. 
The bias gate method provides a more accurate refer- 
ence than the sense ratio method because the effect of 
process, temperature and V cc variations are reduced 
with respect to the sense ratio method. The circuitry of 
Fig. 3 includes an unprogrammed reference cell 100, an 



array cell 1 02, and a comparator 1 04 similar to the sense 
ratio circuitry of Fig. 2. For convenience, in Fig. 3 and 
subsequent drawings reference numbers used to iden- 
tify components carried over from previous drawings are 

5 likewise carried over. 

[0006] Unlike the sense ratio method of Fig. 2 which 
provides a resistor ratio connected to the drains of ref- 
erence cell 100 and array cell 102 directly, the circuitry 
of Fig. 3 has a resistor ratio connected to the gate of 

10 reference cell 1 00 to vary V GS . The resistor ratio is pro- 
vided by resistive element 302 connected between V cc 
and the gate of reference cell 100 along with a resistive 
element 304 connecting the gate of reference cell 100 
to ground. The drain of reference cell 100 provides a 

15 reference output to one input of comparator 104. The 
drain of array cell 102 provides an array cell output to a 
second input of comparator 104. Identical resistive ele- 
ments 306 and 308 connect V cc to the reference and 
array cell outputs to convert their l D output to a voltage 

20 at the inputs of comparator 1 04. By varying v GS instead 
of directly varying l D , process and temperature effects 
on the resistive elements and V cc variations cause less 
variation between the reference cell and array cell out- 
puts than with the sense ratio method. 

25 [0007] To read the state of the array cell 102 in Fig. 3, 
a voltage, V cc , is applied directly to the gate of array 
cell 102 while being applied through resistive elements 
302 and 304 to the gate of reference cell 100. With both 
the reference cell 100 and array cell 102 unpro- 

30 grammed, or having an identical v t , resistive elements 
302 and 304 will provide a lower v GS , and thus a lower 
l D at the reference cell output to comparator 104 than 
the current at the array cell output causing comparator 
104 to indicate a first state. With the array cell pro- 

35 grammed to have a threshold raised to a certain level, 
the array cell output will rise above the reference cell 
output causing comparator 1 04 to output a second state. 
[0008] With reference schemes such as the sense ra- 
tio and bias gate schemes, variations of the reference 

40 output with respect to the array cell output due to proc- 
ess, temperature and V cc variations can cause read er- 
rors. The potential for error is more significant with mem- 
ories having a low working margin between array cell 
threshold states such as in multi-density or low voltage 

45 supply memories. Fig. 2 shows the reference levels and 
array cell threshold states for a typical mufti-density 
memory configured to be single density, 3/2 density and 
double density. As indicated, as the density is increased, 
the working margin between reference levels and array 

50 cell states decreases. For instance, utilizing single den- 
sity, the margin between the 0 state and the reference 
state is (4.00-2.9V=1 .1 0V.) With 3/2 density, the margin 
is reduced by 50% (4.00V-V3.45V=0.55V), and for dou- 
ble density the margin is reduced to 0.33V. The working 

55 margin in low voltage supply memories is limited be- 
cause a reduction in V cc limits the range available for 
array cell threshold states. With a low working margin, 
a reference is needed which tracks variations in the 
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electrical characteristics of an array cell to reduce po- 
tential errors. 

[0009] Reference may also be made to WO 90/12400 
which discloses a multi-state EEPROM read and write 
circuits and techniques. There is described therein a cir- 
cuit for read, write and erase of EEprom memory (60). 
In the circuits for normal read, and read between write 
or erase for verification, the reading is made relative to 
set of threshold levels as provided by a corresponding 
set of reference cells (431 , 432. etc) which closely track 
and make adjustment for the variations presented by the 
memory cells. In one embodiment, each Flash sector of 
memory cells has its own reference cells for reading the 
cells in the sector, and a set of reference cells (529) also 
exists for the whole memory chip acting as a master ref- 
erence. The memory state of a cell therein may be de- 
termined by measuring the threshold voltage pro- 
grammed therein. Alternatively the memory state may 
conveniently be determined by measuring the differing 
conduction in the source-drain current for the different 
states. The reference currents are provided by the 
source-drain currents of a set of EEprom cells on the 
same chip which acts as master reference ceils with 
their reference currents used as reference levels for the 
reading and programming of all other EEprom cells on 
the same chip. The reference level in each reference 
cell may be independently set or reprogrammed. There 
are provided local reference cells in addition to the mas- 
ter reference cells and every time after an erase opera- 
tion the reference levels in the master reference cells 
are recopied into the corresponding set of local refer- 
ence cells. We will describe a referencing scheme with 
a reference which tracks the variations in the electrical 
characteristics of an array cell. 

[001 0] We will describe a programmable reference in- 
cluding one or more reference cells, each reference cell 
having a floating gate which is programmed in a control- 
led environment to set its threshold value. To read the 
state of an array cell, an identical voltage, V cc is applied 
to the gate of an array cell and the reference cell. Addi- 
tionally, the outputs of the array cell and the reference 
cell are maintained under the same bias conditions. Dur- 
ing read, the reference cell drain provides an output 
which is compared with an array cell drain output to de- 
termine the threshold of the array cell with respect to the 
threshold of a reference cell. 

[0011] The described arrangement further includes 
circuitry for programming the reference cells utilizing the 
bias gate method for biasing with respect to an unpro- 
grammed cell. The reference cells are programmed at 
test time, preferably by the manufacturer, to assure V cc 
and temperature remain within strict tolerances to elim- 
inate variations when programming the reference 
thresholds using the bias gate method. The array cells 
are then programmed and read under looser V cc and 
temperature tolerances using the reference cells there- 
after. 

[0012] During read of an array cell, the reference cells 



and array cells are maintained under the same bias con- 
ditions rather than using a sense ratio or a biased gate 
method, thus reducing the effect of process variations 
on the reference and array cell outputs. Because V cc is 

5 applied as a read voltage identically to the gate of a ref- 
erence cell and an array cell, the working margin be- 
tween the reference cell and array cell outputs remains 
substantially constant with changes in V cc . To assure 
the changes in threshold values remain constant with 

10 temperature, the array cells and reference cells are also 
preferably included as core cells on the same integrated 
circuit. 

[0013] The present invention provides a memory 
comprising: 

15 

an array cell having a gate and a floating gate which 
stores an electrical charge to allow an array thresh- 
old value to be programmed; 
n program reference cells, each program reference 

20 cell having a gate and a floating gate which stores 
an electrical charge to allow a program reference 
threshold value to be programmed; 
n-1 read reference cells, each read reference cell 
having a gate and a floating gate which stores an 

25 electrical charge to allow a read reference threshold 
value to be programmed; 

a reference prog ram- verify means for alternately 
applying program and reference verify voltages to 
the gates of the n program reference cells to pro- 

30 gram the n program reference cells to different n 
program reference threshold values and for alter- 
nately applying the program and reference verify 
voltages to the gates of the n- 1 read reference cells 
to program the read reference threshold value for 

35 each successive read reference cell between two 
successive ones of the program reference thresh- 
old values; 

an array program-verify means for alternately ap- 
plying program and array verify voltages to the gate 
40 of the array cell until the array threshold value is pro- 
grammed to be equal to the program reference 
threshold value of a given one of the n program ref- 
erence cells; 

a selector for supplying a read voltage to the gate 
45 of the array cell and the gates of the read reference 
cells to obtain an array cell output and a read refer- 
ence cell output from each of the read reference 
cells; and 

a comparison means coupled to receive the array 
so cell output and the read reference cell outputs, the 
comparison means providing a signal indicating the 
given one of the n program reference cells used to 
program the array cell. 

55 [0014] The present invention also provides a method 
of programming n reference cells comprising the suc- 
cessive steps of: 
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(a) selecting a first of the n reference cells as a se- 
lected reference cell and a first of n resistor ratios 
as a selected resistor ratio; 

(b) coupling the selected resistor ratio to a gate of 

a golden bit cell; 5 

(c) applying a program voltage to increase charge 
stored on a floating gate of the selected reference 
cell; 

(d) applying a reference verify voltage to the gate 

of the selected reference cell and through the se- 10 
lected resistor ratio to the gate of the golden bit to 
create a selected reference cell output and a golden 
bit cell output, 

(e) comparing the selected reference cell output 
and the golden bit cell output and proceeding to step *5 
(c) if the selected reference cell output is not sub- 
stantially equal to the golden bit celt output; 

(f) selecting a next successive reference cell in the 
n reference cells as the selected reference cell and 

a next successive resistor ratio in the n resistor ra- 20 
tios as the selected resistor ratio and proceeding to 
step (b) if the n^ 1 reference cell in the n reference 
ceils has not been previously selected. 

BRIEF DESCRIPTION OF THE DRAWINGS 25 

[001 5] Further details of the present invention are ex- 
plained with the help of the attached drawings in which; 

Fig. 1 shows circuitry for providing a reference for 30 
a memory array using a sense ratio method; 
Fig. 2 shows the reference levels needed for a sin- 
gle density, a 3/2 density and double density mem- 
ory; 

Fig. 3 shows circuitry for providing a reference for 35 
a memory using a bias gate method; 
Fig. 4 shows an array cell along with programmable 
reference cells of the present invention utilized to 
read the array cell; 

Fig. 5 shows a block diagram of circuitry utilized to *o 
program an array cell as well as reference cells uti- 
lized during program and read of the array cell; 
Fig. 6 illustrates an embodiment of the programmed 
reference of the present invention designed for a 
3/2 density memory array; 45 
Fig. 7 shows circuitry for the reference cells and the 
golden reference of the reference array shown in 
Fig. 6; 

Fig. 8 shows circuitry for the reference count circuit 
shown in Fig. 6; 50 
Fig. 9 shows circuitry for shift registers utilized in 
Fig. 8; 

Fig. 10 shows circuitry for the data buffer reference 
circuit shown in Fig. 6; 

Fig. 11 shows circuitry for the sense bias circuit 55 
shown in Fig. 6; 

Fig. 12 shows circuitry for the reference bias circuit 
shown in Fig. 6; 



Fig. 13 shows circuitry for the reference sense cir- 
cuit shown in Fig. 6; 

Fig. 14 shows circuitry for one of the cascode 
preamplifiers utilized in the circuitry of Fig. 6; and 
Fig. 1 5 shows circuitry for one of the sense amplifi- 
ers utilized in the circuitry of Fig. 6. 

DETAILED DESCRIPTION 

[0016] Fig. 4 shows an array cell 400 along with pro- 
grammable reference cells 402-1 through 402-(n-1) of 
the present invention utilized to read array cell 400. Ar- 
ray cell 400 is read by applying a word address which 
is decoded in word select circuit 404 to provide a select 
voltage V SEL to the gate of array cell 400. The select 
voltage is identically applied to the gates of reference 
cells 402-1 through 402-(n-1). V SEL may be V cc , V DD , 
or a boosted gate voltage as disclosed in U.S. Patent 
No. 551 1 02 entitled "Boosted and Regulated Gate Pow- 
er Su pply With Reference Tracking for Multi-Density and 
Low Voltage Supply Memories" by the present inventors 
filed on December 1, 1993 , (our reference HRW/BEP/ 
AMD939. The output of array cell 400 is connected with 
one or more outputs of reference cells 402-1 through 
402-(n-1) of the present invention to a comparison cir- 
cuit 406. Comparison circuit 406 outputs a signal indi- 
cating the state of array cell 400. 
[0017] Although array cell 400 is shown as a transistor 
with a floating gate having a programmable threshold, 
array cell 400 may be a ROM transistor having a fixed 
threshold. Array cell 400 stores one of n threshold val- 
ues indicative of states such as the 0 0 state, the 0 0.5 
state or 1 1 state of the 3/2 density cell as shown in Fig. 
2. 

[0018] The reference cells 402-1 through 402-(n-1) 
each have a floating gate which stores an electrical 
charge which may be programmed to set a reference 
threshold value. A total of n-1 reference cells are utilized 
which are each programmed to a successive threshold 
level, such as reference states A and B of the 3/2 density 
cell of Fig. 2. By similarly biasing reference cells 402-1 
through 402-(n-1) and the array cell 400 and applying 
an identical voltage, V SEL , to their gates, the thresholds 
of reference cells 402-1 through 402-(n-1) can be com- 
pared with the array cell 400 threshold. 
[0019] Comparison circuitry 406 compares the 
thresholds by comparing the output of the array cell 400 
to the outputs of reference cells 402-1 through 402-(n- 
1) when the select voltage V SEL is applied. Typical cir- 
cuitry for the comparison circuitry 406 is shown in U.S. 
Patent No. 5,218,569 by Banks entitled "Electrically Al- 
terable Nonvolatile Memory With N-Bits Per Memory 
Cell" and U.S. Patent No. 4,495,602 by Sheppard enti- 
tled "Multi-bit Read Only Memory Circuit. The compari- 
son circuitry 406 outputs comparison results as a digital 
signal having the number of bits capable of being iden- 
tified by threshold states storable by array cell 400. 
[0020] Fig. 5 shows.a block diagram of circuitry con- 
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nected to program array cell 400 as well as reference 
cells 402-1 through 402-(n-1) and 502-1 through 502-n 
of the present invention utilized to program array ceil 
400. Array cell program-verify circuit 504 is provided to 
program array cell 400 while reference cell program-ver- 
ify circuit 506 is provided to program the reference cells. 
Reference cells 502-1 through 502-n have programma- 
ble threshold values each programmed to one of the n 
states such as the 0 0 state, 0 0.5 state, or the 1 1 state 
as shown for a 3/2 density cell in Fig. 2, the states being 
between states such as states A and B of the 3/2 density 
design which are storable by reference cells 402-1 
through 402-(n-1). 

[0021] Array cell program-verify circuit 504 is con- 
nected to the gate and drain of array cell 400 to program 
array cell 400. Array cell program-verify circuit 504 is 
also connected to the drains of reference cells 502-1 
through 502-n to compare the array and reference cell 
outputs to determine if array cell 400 is properly pro- 
grammed. Typical circuitry for an array cell program-ver- 
ify circuit 504 along with the method utilized to program 
a multi-density cell is shown and described in U.S. Pat- 
ent No. 5,218,569 by Banks as cited previously. 
[0022] Reference cell program-verify circuit 506 is 
connected to the gates and drains to allow programming 
of reference cells 402-1 through 402-(n-1 ) as well as ref- 
erence cells 502-1 through 502-n. The reference cell 
program-verify circuit 506 utilizes traditional methods to 
supply program and verify voltages to enable program- 
ming of the reference cells. The reference program-ver- 
ify circuitry 506 further utilizes circuitry for biasing each 
reference with respect to an unprogrammed cell utilizing 
the bias gate method to verify proper programming. Cir- 
cuitry is further provided to sequence through each of 
the reference bits to enable a proper bit line and word 
line of a reference cell being programmed. 
[0023] Reference program-verify circuitry 506 is uti- 
lized to program the references at test time, preferably 
by the manufacturer, so that V cc and temperature re- 
main within strict tolerances to eliminate variations in 
setting reference thresholds when utilizing the biased 
gate method. Array program-verify circuit 504 is utilized 
at a later time to program the array cells using looser 
V cc and temperature tolerances. 
[0024] Fig. 6 illustrates an embodiment of the pro- 
grammed reference of the present invention designed 
for a 3/2 density memory array as shown in Fig. 2. Fig. 
6 includes components which make up the reference 
cell program-verify circuitry 506 of Fig. 5 along with a 
reference array 600 containing reference cells to be pro- 
grammed. To reduce the amount and complexity of cir- 
cuitry required to program the reference cells, the cir- 
cuitry of Fig. 6 is designed to program the reference cells 
one cell at a time. 

[0025] The circuit of Fig. 6 includes program-verify 
signal circuitry 602 which, upon receiving a PRREF sig- 
nal indicating that references are to be programmed, al- 
ternately produces program and verify signals to pro- 



gram an individual reference cell. A program voltage ap- 
plied to the drain of a reference cell during program is 
supplied as the signal VPROG. A signal VPX alternately 
carries a program voltage and a verify voltage to the 
5 gate of a reference cell to program the reference ceil. 
VPX carries a read voltage during reading or verifying 
the programming of array cells. During verify, a signal 
VERIFY is asserted. During program a signal PGM is 
asserted. Traditional circuitry for programming a single 
10 floating gate memory cell can be utilized to provide the 
program-verify signal circuitry 602. Such traditional cir- 
cuitry is generally described in U.S. Patent No. 
5,218,569 by Banks as discussed previously. 
[0026] To sequence through all the reference cells 
15 and direct the program and verify voltages to a selected 
cell, control logic is provided to enable a proper refer- 
ence bit line and reference word line. The control logic 
consists of a reference count circuit 604 along with some 
mixed logic. Reference count circuit 604 begins se- 
20 quencing upon receipt of the PRREF signal and pro- 
vides a column signal (COL0-COL3) and a row signal 
(ROW0-ROW5) to indicate which reference cell is to re- 
ceive program and verify voltages. Reference count cir- 
cuit 604 sequences to a next reference cell bit when a 
25 signal RDSO-RDS03 and VERIFY are provided indicat- 
ing the previous cell has been properly programmed. 
[0027] The data buffer reference 606 and sense bias 
circuit 608 decode the column and row signals output 
by reference count circuit 604 to provide the program 
30 and verify voltages to a selected reference cell. The data 
buffer reference 606, upon receiving PRREF and PGM, 
decodes the column signal (COL0-COL3) to direct the 
program voltage signal VPROG on one of reference bit 
lines (REFBL0-REFBL3) to the drains of a column of ref- 
35 erence cells in reference array 600. The sense bias cir- 
cuit 608, upon receiving PRREF, decodes the row signal 
(ROW0-ROW3) to direct the program and verify voltage 
signal VPX on one of reference word lines 
(REFWL0-REFWL5) to the gates of a row of reference 
40 cells in reference array 600. Sense bias circuit 608 also 
receives a read signal to apply VPX to ail the wordlines 
during read or verify of an array cell. PGM is received 
to disable the sense bias circuit 608 during program- 
ming of an array cell. 
45 [0028] One bit in reference array 600 is provided as 
a reference for programming the reference bits. This bit 
is referred to as the golden reference. To bias the gate 
of the golden reference utilizing the bias gate method, 
one of several resistor ratios provided by reference bias 
50 circuit 610 can be connected on a master word line 
(MSTRWL) to the gate of the golden reference. The par- 
ticular resistor ratio of reference bias circuit 610 is con- 
trolled by the column signal (COL0-COL3) received 
from reference count circuit 604. 
55 [0029] To verify if a reference signal has been properly 
programmed, the program reference includes reference 
sense circuit 6 12, cascode preamplifiers 614, and sense 
amplifiers 616. When VERIFY and PRREF are assert- 
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ed, the reference sense circuit 612 decodes the column 
signal (COL0-COL3) to provide an enable signal 
(REFSEN0-REFSEN4) to enable proper cascode 
preamplifiers of circuitry 614 and sense amplifiers of cir- 
cuitry 616. The enabled cascode preamplifier of circuit 
614 is connected to receive a current from the bit line 
(REFBL0-REFBL3) of the reference cell being pro- 
grammed to provide an enabled reference cell output 
voltage (SAREF0-SAREF3). An additional cascode 
preamplifier of circuit 614 is connected to receive a cur- 
rent from the bit line (GOLBL) of the golden reference 
to provide a golden reference output voltage (SAREF4) 
when an enabling signal (REFSEN0-REFSEN4) is re- 
ceived. The enabled sense amplifier of circuit 616 com- 
pares the enabled reference cell output voltage 
(SAREF0-SAREF3) to the golden reference output volt- 
age (SAREF4) and outputs a signal (RDSO0-RESO3) 
indicating if the enabled reference cell output voltage 
and the golden reference cell output voltage are sub- 
stantially equal. 

[0030] Detailed circuitry for the components of Fig. 6 
are shown in subsequent figures which are described 
below. 

Reference Array 600 

[0031] Fig. 7 shows circuitry for the reference cells 
and the golden reference of the reference array 600 
shown in Fig. 6. Word line connections 
(REFWL0-REFWL5) are provided to the gates of the ref- 
erence cells and bit line connections 
(REFBL0-REFBL3) are provided to drains of the refer- 
ence cells. The reference cells have floating gates which 
may be programmed to a predetermined threshold val- 
ue. 

[0032] The circuitry of Fig. 6 includes a total of twenty- 
four reference cells as required for a 3/2 density design 
having an eight bit output. As seen from the 3/2 density 
design values in Fig. 2, four reference cells are required 
to provide four reference cell bit line outputs to an array 
cell. Two reference cells provide the reference state A 
and B values needed during read to determine an array 
cell threshold state. Two additional reference cells pro- 
vide the 0 0 state and 0 0.5 state values needed to verify 
proper programming of an array cell, the 1 1 state being 
an unprogrammed state. Six sets of the four reference 
cells are required to provide six different sets of four bit 
line outputs to six different array cells to provide an eight 
bit output. Six array cells are utilized in a 3/2 density 
design to provide an eight bit output because with each 
array cell storing one of three possible states, instead 
of two as with a single density design, only six cells are 
required to store the possible values required to repre- 
sent eight bits. 

[0033] The circuitry of Fig. 7 further includes the gold- 
en reference cell with a word line connection (MSTRWL) 
and a bit line connection (GOLBL). The golden bit has 
a UV-erased floating gate which remains unpro- 



grammed. The reference cells of Fig. 7 are preferably 
included as core cells on the same integrated circuit as 
array cells which utilize the reference cells for program 
and read so that with temperature and process varia- 
5 tions, variations between the reference cells and array 
cells remain substantially uniform. 

Reference Count Circuit 604 

10 [0034] Fig. 8 shows circuitry for the reference count 
circuit 604 of Fig. 6. To provide a counter, the circuitry 
of Fig. 8 includes a plurality of shift registers 801-806. 
To synchronize counting, the VERIFY signal is applied 
to the CLK input of shifter 801 and through an inverter 

15 810 to the CLKB input of shifter 801. The 
RDSO0-RDSO3 signals are received and ORed by 
NOR gate 812 and inverter 814 to provide the DATA in- 
put of shifter 801. When a bit is verified to be pro- 
grammed, one of the RDSO0-RDSO3 signals will be as- 

20 serted so that on the falling edge of VERIFY, Q and QB 
of shifter 801 will change states. 
[0035] The Q and QB outputs of shifter 801 are con- 
nected to the CLKB and CLK inputs of shifter 802 re- 
spectively. Further, the Q and QB outputs of shifters 802 

25 and 803 are connected to respective CLK and CLKB in- 
puts of shifters 803 and 804 while the QB outputs of 
shifters 802, 803 and 804 are fed back to their respective 
DATA inputs. The Q and QB outputs of shifters 802, 803 
and 804 form Q0, QB0, Q1, Q10, Q2 and Q20 outputs 

30 respectively. The Q1 and Q2 outputs are connected to 
a NAND gate 816 to the CLK input of shifter 805, while 
the output of NAND gate 816 is connected through in- 
verter 818 to the CLKB input of shifter 805. The Q and 
QB outputs of shifter 805 are connected to the CLK and 

35 CLKB inputs of shifter 806 while the QB outputs of shift- 
ers 805 and 806 are fed back to their respective DATA 
inputs. The Q and QB outputs of shifters 804 and 805 
form Q3, QB3, Q4, and QB4 outputs respectively. 
[0036]. To provide the ROW0-ROW5 and COL0-COL3 
40 output signals, logic circuitry is provided as connected 
to the Q1-Q4 and QB1-QB4 outputs of shifters 802-806. 
Logic circuitry 820 is connected as shown to several 
combinations of the Q0-Q2 and QB0-QB2 outputs to se- 
quence through row bits (ROW0-ROW5), while the col- 
45 umn being worked on (COL0-COL3) is updated as con- 
trolled by combinations of the Q3, QB3, Q4, and QB4 
outputs connected to logic 822. 

[0037] To reset the shift registers upon entering the 
program reference mode, shift registers 801, 805 and 

so 806 have resets connected to receive the complement 
of the PRREF signal through inverter 810. Further, shift 
registers 802-804 receive the complement of the 
PRREF signal through NAND gate 824 upon entering 
the program reference mode. The output of NAND gate 

55 81 6 is further connected through NAND gate 824 to re- 
set shift registers 802-804 when the column being 
worked on is updated. 

[0038] Fig. 9 shows circuitry for the shift registers 



6 



11 



EP 0 656 628 B1 



12 



801-806 of Fig. 8. The shift register of Fig. 9 includes 
two latches 902 and 904. A transistor 906 has a current 
path coupling a DATA input signal to the input of latch 
902. Transistor 906 has a gate connected to a CLK in- 
put. The input of latch 902 is further connected to ground 
through transistor 908 which has a gate connected to a 
RESET input. A transistor 910 has a current path cou- 
pling the output of latch 902 to the input of latch 904 as 
controlled by a CLKB input connected to its gate. The 
input of latch 904 is further connected to V cc through 
transistor 912 as controlled by the RESET input. The 
output of latch 904 provides the Q output of the shifter 
while the QB output is provided from the output of latch 
904 through an inverter 914. 

Data Buffer Reference Circuit 606 

[0039] Fig. 10 shows circuitry for the data buffer ref- 
erence circuit 606 shown in Fig. 6. The circuitry of Fig. 
10 receives the PRREF signal when the program refer- 
ence mode is entered, the PGM signal from program- 
verify signal circuit 602 indicates a programming signal 
is applied, and the COL0-COL3 signals output from the 
reference count circuit 604 as shown in Fig. 6. The 
PRREF and PGM signals are connected along with 
each of the COL0-COL3 signals to inputs of respective 
NAND gates 1001-1004 to enable one of buffers 
1011-1014 when the PRREF, PGM and a respective 
COL0-COL3 inputs are enabled. Buffers 1011-1014 re- 
ceive the high voltage VPROG signal from the program- 
verify signal circuit 602 of Fig. 6 and provide VPROG to 
a respective reference cell bit line (REFBL0-REFBL3) 
when its respective buffer is enabled. When VPROG is 
not applied, the REFBL0-REFBL3 outputs present a 
high impedance. 

[0040] Buffers 1011-1014 have identical circuitry, so 
only the circuitry of buffer 1011 will be described. Buffer 
1011 receives a select input signal from the output of 
NAND gate 1001 at the gate of p-channel transistor 
1022 which has a current path coupling VPROG to 
REFBL1. Thus, when the buffer is not selected, transis- 
tor 1022 provides a high impedance output on line 
REFBL1 . An n-channel transistor 1024 is connected be- 
tween the gate of transistor 1022 and the output of 
NAND gate 1001 with its gate connected to VPROG to 
provide protection if VPROG should drop below V cc . 
Since VPROG has a value significantly higher than V cc , 
to prevent feedback of VPROG, an n-channel transistor 
1026 is connected between the gate of transistor 1022 
and the output of NAND gate 1001 which has a gate 
connected to V cc . Another p-channel transistor 1028 
couples VPROG to the input of transistor 1 022 to assure 
transistor 1022 remains off when buffer 1011 is dese- 
lected. Transistor 1028 has a gate controlled by an in- 
verter 1030, inverter 1030 having an input connected to 
the input of transistor 1022 and power supplied by 
VPROG. As shown in Fig. 10, and in subsequent draw- 
ings, an angled line from the drain to source of a tran- 



sistor, such as on transistor 1022, indicates a p-channel 
transistor, while no line indicates an n-channel transis- 
tor. 

5 Sense Bias Circuit 608 

[0041 ] Fig. 1 1 shows circuitry for the sense bias circuit 
608 shown in Fig. 6. The circuitry of Fig. 11 receives the 
PRREF signal when the program reference mode is en- 
10 tered and the ROW0-ROW5 signals output from the ref- 
erence count circuit 604 shown in Fig. 6. The PRREF 
signal is connected along with each of the 
ROW0-ROW5 signals to inputs of respective NAND 
gates 1101-1106 to enable one of buffers 1111-1116 
15 when the PRREF signal and a respective ROW0-ROW5 
input is enabled. Buffers 1111-1116 alternately receive 
the program and verify voltages over VPX from the pro- 
gram-verify signal circuit 602 of Fig. 6 and couple VPX 
to a respective reference cell word line 
20 (RE FWL0-RE FWL5) when its respective buffer is ena- 
bled. A word line not selected is typically grounded. 
[0042] The circuitry of Fig. 1 1 further receives a READ 
signal when a read or verify mode is entered to deter- 
mine a state of an array cell. The PGM signal is also 
25 received through inverter 1108 indicating that the VPX 
signal is not being applied to program or erase an array 
cell. The PRREF signal is further received through in- 
verter 1109 to indicate that verify of a reference cell is 
not occurring. The READ signal and the outputs of in- 
30 verters 1108 and 1109 are applied to the input of NAND 
gate 1110. During read of an array cell, buffers 
1111-1116 receive a read or verify voltage over VPX and 
provide the VPX signal to all the reference cell word lines 
(RE FWL0-REFWL5). 
35 [0043] Buffers 1111-1116 have identical circuitry, so 
only the circuitry of buffer 1111 will be described. Buffer 
1111 receives a select input signal from the output of 
NAND gates 1101 and 1110 at the inputs of HAND gate 
1 1 1 8. The output of NAN D gate 1 1 1 8 is provided through 
40 inverter 1120 to the input of an inverter formed by tran- 
sistors 1 1 22 and 1 1 24. The output of inverter 1 1 22, 1 1 24 
provides the REFWL0 signal. Pull up transistor 1122 
couples the VPX signal to the REFWL0 output when the 
output inverter 1120 is low. Pull down transistor 1124 
45 couples the REFWL0 output to ground when the output 
of inverter 1120 is high. A transistor 1126 has a current 
path connected between VPX and the input of inverter 
1122,1124 and has a gate connected to the REFWL0 
output to assure transistor 1122 is off when buffer 1111 
50 is deselected. Since VPX has a value significantly high- 
er than V cc during program, to prevent feedback, an n- 
channel transistor 1128 is connected between the input 
of inverter 1 1 22, 1 1 24 and the output of inverter 1 1 20 and 
has a gate connected to V cc . 

55 

Reference Bias Circuit 610 

[0044] Fig. 12 shows circuitry for the reference bias 
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circuit 610 shown in Fig. 6. The circuitry of Fig. 12 re- 
ceives COL0-COL3 signals output from the reference 
count circuit 604 shown in Fig. 6. The COL0-COL3 sig- 
nals are connected to the gates of p-channel transistors 
1201-1204 through inverters 1211-1214 to couple a re- 
sistor ratio to the gate of the golden reference MSTRWL 
as selected by the COL0-COL3 signals. The resistor ra- 
tios are formed by coupling the current paths of transis- 
tors 1201-1204 respectively between successive ones 
of resistors 1221-1225 and MSTRWL. 
[0045] As discussed previously, the circuitry of Fig. 1 2 
enables the reference cells to be verified as properly 
programmed utilizing the bias gate method. The bias 
gate method couples a resistor ratio to the gate of the 
golden reference and compares the golden reference 
output with an output of a reference cell being pro- 
grammed to determine if the floating gate of the refer- 
ence cell is charged to a proper threshold level. This 
method utilizes the fact that the golden bit will be satu- 
rated according to the MOS transistor saturation equa- 
tion l D = K(V GS - V t ) 2 , so that reducing the gate voltage 
V GS by a fixed amount using a resister ratio will provide 
the same current as a reference cell that has been pro- 
grammed to a desired threshold value v t . 
[0046] For example, utilizing the bias gate method, if 
a .55V differential between thresholds is required to stay 
between a maximum range of programmable threshold 
voltages of 4.0V to 1.8V, four reference thresholds will 
be programmed with a 3/2 density array, as shown in 
Fig. 2, at 3.45V, 2.90V, 2.35V and 1.80V. To program a 
first reference to a level of 3.45V, a resistor ratio is cho- 
sen to bias the gate of the golden reference at V CC -.55V. 
Different resistor ratios are subsequently selected to bi- 
as the gate of the golden reference to program the re- 
maining reference cells. Note, as discussed previously, 
because with the bias gate method, as V cc is varied, 
the thresholds programmed will vary with respect to 
each other, programming is preferably done at test time 
by the manufacturer to maintain V cc within tight toler- 
ances. Similarly, to assure the thresholds remain con- 
stant with respect to one another, the manufacturer pref- 
erably controls temperature within tight tolerances. 

Reference Sense Circuit 612 

[0047] Fig. 13 shows circuitry for the reference sense 
circuit 612 shown in Fig. 6. The circuitry of Fig. 12 pro- 
vides an enable signal (REFSEN0-REFSEN4) to enable 
cascode preamplifiers of circuitry 614 and a sense am- 
plifier of circuitry 616 to verify if the currently selected 
reference is properly programmed. The 
REFSEN0-REFSEN4 signal is provided when VERIFY 
is asserted and the PRREF signal is received. To con- 
serve power, the column signal (COL0-COL3) from ref- 
erence count circuit 604 is utilized to select only the nec- 
essary REFSEN0-REFSEN4 outputs to enable the cas- 
code preamplifiers and sense amplifiers necessary to 
verify if the selected reference cell is properly pro- 



grammed. 

[0048] The circuitry of Fig. 12 receives the VERIFY 
and PRREF signals at the inputs of NAND gate 1302. 
The output of NAND gate 1302 is connected to the in- 

5 puts of NOR gates 1311-1314 along with respective 
ones of COL0-COL3 signals as provided through invert- 
ers 1321-1324. The outputs of NOR gates 1311-1314 
provide the REFSEN0-REFSEN3 output signals. The 
outputs of NOR gates 1311-1314 are further ORed by 

10 NOR gate 1326 and inverter 1328 to provide a 
REFSEN4 signal which is provided to enable the cas- 
code preamplifier connected to the golden reference 
when one of the REFSEN0-REFSEN3 signals are ena- 
bled. 

15 

Cascode Preamplifiers 614 

[0049] Fig. 14 shows circuitry for one of the cascode 
preamplifiers utilized in the cascode preamplifiers 614 

20 shown in Fig. 6. The cascode preamplifiers 614 of Fig. 
6 include five cascode preamplifiers as shown in Fig. 
14. Four cascode preamplifiers are provided to receive 
each bit line output REFBL0-REFBL3 and an additional 
cascode preamplifier receives the GOLBL output. The 

25 cascode preamplifiers convert a current from the bit line 
received to an output voltage SAREF1-SAREF4 during 
the verify process. Each cascode preamplifier receives 
a respective enable signal REFSEN0-REFSEN4 from 
reference sense circuit 612 to enable the verify process 

30 as described previously. 

[0050] As shown, the circuit of Fig. 14 receives a REF- 
BLi signal representative of a particular bit line signal 
(REFBL0-REFBL3 or GOLBL) and a REFSENi signal 
representative of a REFSEN0-REFSEN4 enabling sig- 

35 nal. The output, SAREFi, is representative of the partic- 
ular SAREF0-SAREF4 signal output. The cascode am- 
plifier is provided in the circuit of Fig. 14 by a cascode 
transistor 1402 having a drain connected to the SAREFi 
output. 

40 [0051] The preamplifier is enabled by the complement 
of REFSENi provided through an inverter 1408 to the 
gate of an enabling transistor 1404. The enabling tran- 
sistor 1404 is connected in series with an n-channel lev- 
el shifting transistor 1418 and a p-channel load transis- 

45 tor 1406 between V cc and the SAREFi output. To pro- 
vide bias for cascode 1402, the complement of REFSE- 
Ni is further provided through inverter 1408 to the gate 
of a switching transistor 1410. Transistor 1410 is con- 
nected in series with a feedback load transistor 1420 

so between V cc and the gate of cascode 1402. To disable 
the preamplifier, an n-channel switching transistor 1412 
is provided with a gate connected to the output of invert- 
er 1408 to couple the gate of cascode 1402 to ground 
when the complement of REFSENi is not provided. 

55 [0052] The REFBLi signal is provided through a tran- 
sistor 1414 to the source of cascode 1402 to be ampli- 
fied at the SAREFi output. The gate of transistor 1414 
is enabled by REFSENi when the preamplifier is ena- 
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bled. Further biasing for cascode 1402 is provided by 
feedback from the source of cascode 1402 by transistor 
1416. Transistor 1416 has a gate connected to the 
source of transistor 1402, a drain connected to the gate 
of transistor 1402 and a source connected to ground. 

Sense Amplifiers 616 

[0053] Fig. 15 shows circuitry for one of the sense am- 
plifiers utilized in the sense amplifiers 616 shown in Fig. 
6. Sense amplifiers 61 6 of Fig. 6 include four sense am- 
plifiers as shown in Fig. 15. The four sense amplifiers 
are provided to compare an enabled reference cell out- 
put voltage (SAREF0-SAREF3) to the golden reference 
output voltage (SAREF4). The sense amplifier output 
signals (RDSO0-RESO3) indicate if a cell being pro- 
grammed is fully programmed. 

[0054] As shown, the circuit of Fig. 15 receives a 
SAREFi signal representative of a particular cascode 
preamplifier output (SAREF0-SAREF3) from a selected 
reference cell and a SAREF4 signal from the cascode 
preamplifier connected to the golden reference. The cir- 
cuit of Fig. 15 further receives a REFSENi signal repre- 
sentative of a REFSEN0-REFSEN3 enabling signal and 
outputs a RDSOi signal representative of the particular 
RDS01-RDS03 output. 

[0055] The sense amplifier of Fig. 15 is a differential 
amplifier 1 500 which is enabled by the REFSENi signal. 
The sense amplifier compares the SAREFi and SARE- 
FGB signals and outputs the RDSOi signal when the val- 
ue of SAREFi exceeds SAREF4. 
[0056] Although the invention has been described 
above with particularity, this was merely to teach one of 
ordinary skill in the art how to make and use the inven- 
tion. Many modifications will fall within the scope of the 
invention, as that scope is defined by the following 
claims. 



be programmed; 

a reference program-verify means (506) for al- 
ternately applying program and reference verify 
voltages to the gates of the n program refer- 

5 ence cells to program the n program reference 

cells to different n program reference threshold 
values and for alternately applying the program 
and reference verify voltages to the gates of the 
n- I read reference cells to program the read 

10 reference threshold value for each successive 

read reference cell between two successive 
ones of the program reference threshold val- 
ues; 

an array program-verify means (504) for alter- 
15 nately applying program and array verify volt- 

ages to the gate of the array cell until the array 
threshold value is programmed to be equal to 
the program reference threshold value of a giv- 
en one of the n program reference cells; 
20 a selector for supplying a read voltage to the 

gate of the array cell and the gates of the read 
reference cells to obtain an array cell output 
and a read reference cell output from each of 
the read reference cells; and 
25 a comparison means (406) coupled to receive 

the array cell output and the read reference cell 
outputs, the comparison means providing a sig- 
nal indicating the given one of the n program 
reference cells used to program the array cell. 

30 

2. The memory of claim 1 wherein the reference verify 
voltages have values which varies significantly less 
than the array verify voltages. 

35 3. The memory of claim 1 wherein when the read or 
verify voltages are applied, the read reference cells, 
the program reference cells and the array cell are 
biased substantially the same. 



Claims 40 

1 . A memory comprising: 

an array cell (400) having a gate and a floating 
gate which stores an electrical charge to allow 45 
an array threshold value to be programmed; 
n-1 read reference cells (402-1 to 402-(n-1)), 
each read reference cell having a gate and a 
floating gate which stores an electrical charge 
to allow a read reference threshold value to be 50 
programmed; 

characterized by: 

n program reference cells (502-1 to 502 -n), 55 
each program reference cell having a gate and 
a floating gate which stores an electrical charge 
to allow a program reference threshold value to 



4. The memory of claim 1 wherein the program refer- 
ence cells, the read reference cells and the array 
cell are included as core cells on a single integrated 
circuit so that the program reference cells, the read 
reference cells and the array cell have substantially 
the same rate of thermal expansion. 

5. The memory of claim 1 wherein when a value of the 
read voltage is varied a working margin between 
outputs of the program reference cells, the read ref- 
erence cell outputs and the array cell output re- 
mains constant. 

6. The memory of claim 1 , wherein the reference pro- 
gram-verify means comprises: 

a golden bit cell having a gate and a drain; 
a reference bias circuit (610) having a plurality 
of resistance ratios, each resistance ratio being 
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coupled between a read voltage and the gate 
of the golden bit cell; and 
a comparison circuit for receiving the reference 
verify voltages and being connected to the 
drain of the golden bit cell and a drain of a par- 5 
ticular one of the n program reference and n-1 
read reference cells, the comparison circuit 
comparing the signal from the drain of the gold- 
en bit cell to the signal from a drain of the par- 
ticular reference cell during application of the 10 
verify signal and providing an indication when 
the signals are substantially equal. 

7. The memory of claim 6 wherein the comparison cir- 
cuit comprises: 15 

a reference sense circuit (612) for receiving the 
reference verify voltages and outputting a ref- 
erence sense circuit signal (REFSEN) when 
the verify signal is applied; 20 
a first preamplifier (614) receiving the REFSEN 
signal, and the signal from the drain of the par- 
ticular reference cell and outputting a first 
sense amplifier voltage indicative of the signal 
from the drain of the particular cell when the 25 
REFSEN signal is applied; 
a second preamplifier receiving the REFSEN 
signal, and the signal from the drain of the gold- 
en bit cell and outputting a second sense am- 
plifier voltage indicative of the signal from the 30 
gate of the golden bit cell when the REFSEN 
signal is applied; 

a sense amplifier (616) receiving the first and 
second sense amplifier voltages and outputting 
a signal indicating when the first and second 35 
sense amplifier voltages are substantially 
equal. 



Patentanspruche 

1 . Speicher mit: 

einer Array-Zelle (400) mit einem Gate und ei- 
nem Floating-Gate, das eine elektrische La- 45 
dung speichert, urn die Programmierung eines 
Array-Schwellwerts zu ermoglichen; 

n-1 Lese-Referenz-Zellen (402-1 bis 402-(n- 
1)), die jeweils ein Gate und ein Floating-Gate so 
aufweisen, das eine elektrische Ladung spei- 
chert, urn die Programmierung eines Lese-Re- 
ferenz-Schwellwerts zu ermoglichen; 

gekennzeichnet durch: 55 

n Programm-Referenz-Zellen (502-1 bis 
502-n), die jeweils ein Gate und ein Floating- 



Gate aufweisen, das eine elektrische Ladung 
speichert, urn die Programmierung eines Pro- 
gramm-Referenz-Schwellwerts zu ermogli- 
chen; 

eine Referenz-Programm-Verifizierungsein- 
richtung (506) zum alternierenden Anlegen von 
Programm- und Referenz-Verifizierungs-Span- 
nungen an die Gates der n Programm-Refe- 
renz-Zellen, um die n Programm-Referenz-Zel- 
len auf unterschiedliche n Programm-Refe- 
renz-Schwellwerte zu programmieren, und 
zum alternierenden Anlegen der Programm- 
und Referenz-Verifizierungs-Spannungen an 
die Gates der n-1 Lese-Referenz-Zellen, um 
den Lese-Referenz-Schwellwertfurjede nach- 
folgende Lese-Referenz-Zelle zwischen zwei 
aufeinanderfolgenden der Programm-Refe- 
renz-Schwellwerte zu programmieren; 

einer Array-Programm-Verifizierungseinrich- 
tung (504) zum alternierenden Anlegen von 
Programm- und Array-Verifizierungs-Spannun- 
gen an das Gate der Array-Zelle, bis der Array- 
Schwellwert derart programmiert ist, dass er 
gleich dem Programm- Referenz-Schwel I wert 
einer gegebenen der n Programm-Referenz- 
Zellen gleich ist; 

einem Selektor zum Zufuhren einer Lese- 
Spannung an das Gate der Array-Zelle und die 
Gates der Lese-Referenz-Zellen, um ein Array- 
Zellen-Ausgangssignal und ein Lese-Refe- 
renz-Zellen-Ausgangssignal von jeder der Le- 
se-Referenz-Zellen zu erhalten; und 

einer Vergleichseinrichtung (406) zum Emp- 
fang des Array-Zellen-Ausgangssignals und 
der Lese-Referenz-Zellen-Ausgangssignale, 
wobei die Vergleichseinrichtung ein Signal aus- 
gibt, das die betreffende eine der n Programm- 
Referenz-Zellen angibt, die zum Programmie- 
ren der Array-Zelle verwendet wird. 

2. Speicher nach Anspruch 1, bei dem die Referenz- 
Verifizierungs-Spannungen Werte aufweisen, die 
signifikant weniger variieren a Is die Array-Verifizie- 
rungs-Spannungen. 

3. Speicher nach Anspruch 1 , bei dem, wenn die Lese- 
oder Verifizierungs-Spannungen angelegt werden, 
die Lese-Referenz-Zellen, die Programm-Refe- 
renz-Zellen und die Array-Zelle im wesentlichen 
gleich vorgespannt sind. 

4. Speicher nach Anspruch 1 , bei dem die Programm- 
Referenz-Zellen, die Lese-Referenz-Zellen und die 
Array-Zelle als Kernzellen in einer einzelnen 
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IC-Schaltung derail angeordnet sind, dass die Pro- 
gramm-Referenz-Zellen, die Lese-Referenz-Zellen 
und die Array-Zelle im wesentlichen die gleiche 
Warmeausdehnungsrate aufweisen. 

5 

5. Speicher nach Anspruch 1 , bei dem, wenn ein Wert 
der Lese-Spannung variiert wird, ein Arbeits-Tole- 
ranzbereich zwischen den Ausgangssignalen der 
Programm-Referenz-Zellen, den Ausgangssigna- 
len der Lese-Referenz-Zellen und dem Ausgangs- 10 
signal der Array-Zelle konstant bleibt. 

6. Speicher nach Anspruch 1 , bei dem die Referenz- 
Programm-Verifizierungseinrichtung aufweist: 

15 

eine Golden-Bit-Zelle mit einem Gate und ei- 
nem Drain; 

eine Referenz-Vorspannschaltung (610) mit 
mehreren Widerstandsverhaltnissen, von de- 20 
nen jedes zwischen einer Lese-Spannung und 
dem Gate der Golden-Bit-Zelle angeordnet ist; 
und 

einer Vergleichsschaltung zum Empfangen der 25 
Referenz- Verifizierungs-Spannungen, die mit 
dem Drain der Golden-Bit-Zelle und dem Drain 
einer bestimmten der n Programm-Referenz- 
und n-1 Lese-Referenz-Zellen verbunden ist, 
wobei die Vergleichsschaltung wahrend des 30 
Anlegens des Verlfizlerungs-Signals das Si- 
gnal von dem Drain der Golden-Bit-Zelle mit 
dem Signal von dem Drain einer bestimmten 
Referenz-Zelle vergleicht und einen Hinweis 
ausgibt, wenn die Signale im wesentlichen 35 
gleich sind. 

7. Speicher nach Anspruch 6, bei dem die Vergleichs- 
schaltung aufweist: 

40 

eine Referenzerkennungsschaltung (612) zum 
Empfangen der Referenz-Verifizierungs-Span- 
nungen und zum Ausgeben eines Referenz-Er- 
kennungs-Schaltungs-Signals (REFSEN), 
wenn das Verifizierungs-Slgnal angelegt wird; 45 

einen ersten Vorverstarker (614), der das REF- 
SEN-Signal und das Signal von dem Drain der 
bestimmten Referenz-Zelle empfangt und eine 
das Signal von dem Drain der bestimmten Zelle 50 
angebende erste Leseverstarker-Spannung 
ausgibt, wenn das REFSEN-Signal ubermittelt 
wird; 

einen zweiten Vorverstarker, der das REF- 55 
SEN-Signal und das Signal von dem Drain der 
Golden-Bit-Zelle empfangt und eine das Signal 
von dem Gate der Golden-Bit-Zelle angebende 



zweite Leseverstarker-Spannung ausgibt, 
wenn das REFSEN-Signal ubermittelt wird; 

einem Leseverstarker (616), der die ersten und 
zweiten Leseverstarker-Spannungen emp- 
fangt und ein Signal ausgibt, das anzeigt, wann 
die ersten und zweiten Leseverstarker-Span- 
nungen im wesentlichen gleich sind. 



Revendications 

1. Memoire comprenant : 

une cellule de matrice (400) ayant une grille et 
une grille flottante qui memorise une charge 
electrique pour permettre la programmation 
d'une valeur seuil de la matrice ; 
n-1 cellules de reference de lecture (402-1 a 
402-(n-1)), chaque cellule de reference de lec- 
ture ayant une grille et une grille flottante qui 
memorise une charge electrique pour permet- 
tre la programmation d'une valeur seuil de re- 
ference de lecture ; 

caracterisee par 

n cellules de reference de programme (502-1 
a 502-n), chaque cellule de reference de pro- 
gramme ayant une grille et une grille flottante 
qui memorise une charge electrique pour per- 
mettre la programmation d'une valeur seuil de 
reference de programme ; 
un moyen de verification de programme et de 
reference (506) destine a appliquer atternative- 
ment des tensions de verification de program- 
me et de reference aux grilles des n cellules de 
reference de programme afin de programmer 
ies n cellules de reference de programme a dif- 
ferentes n valeurs seuil de reference de pro- 
gramme et a appliquer alternativement des ten- 
sions de verification de programme et de refe- 
rence aux grilles des n-1 cellules de reference 
de lecture afin de programmer la valeur seuil 
de reference de lecture pour chaque cellule de 
reference de lecture successive entre deux 
successives des valeurs seuil de reference de 
programme ; 

un moyen de verification de programme et de 
matrice (504) destine a appliquer alternative- 
ment des tensions de verification de program- 
me et de matrice a la grille de la cellule de la 
matrice jusqu'a ce que la valeur seuil de la ma- 
trice soit programmee pour etre egale a la va- 
leur seuil de reference de programme d'une 
cellule donnee parmi Ies n cellules de reference 
de programme ; 

un selecteur destine a fournir une tension de 
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lecture a la grille de la cellule de matrice et aux 
grilles des cellules de reference de lecture afin 
d'obtenir une sortie de cellule de matrice et une 
sortie de cellule de reference de lecture prove- 
nant de chaque cellule de reference de lecture ; 5 
et 

un moyen de comparaison (406) couple pour 
recevoir la sortie de cellule de matrice et les 
sorties de cellule de reference de lecture, le 
moyen de comparaison fournissant un signal 10 
indiquant la cellule donnee parmi les n cellules 
de reference de programme utilisees pour pro- 
grammer la cellule de matrice. 

Memoire selon la revendication 1 , dans laquelle les *5 
tensions de verification de reference possedent des 
valeurs qui varient significativement moins que les 
tensions de verification de la matrice. 

Memoire selon la revendication 1, dans laquelle, 20 
quand les tensions de lecture ou de verification sont 
appliquees, les cellules de reference de lecture, les 
cellules de reference de programme et la cellule de 
matrice sont polarisees sensiblement de la meme 
facon. 25 

Memoire selon la revendication 1, dans laquelle les 
cellules de reference de programme, les cellules de 
reference de lecture et la cellule de matrice sont in- 
cluses en tant que cellules coeurs sur un circuit in- 30 
tegre unique de sorte que les cellules de reference 
de programme, les cellules de reference de lecture 
et la cellule de matrice ont sensiblement le meme 
coefficient de dilatation thermique. 

35 

Memoire selon la revendication 1, dans laquelle, 
quand une valeur de la tension de lecture varie, une 
marge de fonctionnement entre les sorties des cel- 
lules de reference de programme, les sorties des 
cellules de reference de lecture et la sortie de la eel- 40 
lule de matrice reste constante. 

Memoire selon la revendication 1, dans laquelle le 
moyen de verification de programme et de referen- 
ce comprend : 45 

une cellule de binaire dore ayant une grille et 
un drain ; 

un circuit de polarisation de reference (610) 
ayant une pluralite de rapports de resistance, 50 
chaque rapport de resistance etant couple en- 
tre une tension de lecture et la grille de la cellule 
de binaire dore ; et 

un circuit de comparaison pour recevoir les ten- 
sions de verification de reference et etant con- 55 
necte au drain de la cellule de binaire dore et a 
un drain d'une cellule particuliere parmi les n 
cellules de reference de programme et les n-1 



cellules de reference de lecture, le circuit de 
comparaison comparant le signal provenant du 
drain de la cellule de binaire dore au signal pro- 
venant d'un drain de la cellule de reference par- 
ticuliere pendant I'application du signal de ve- 
rification et fournissant une indication quand 
les signaux sont sensiblement egaux. 

7. Memoire selon la revendication 6, dans laquelle le 
circuit de comparaison comprend : 

un circuit de detection de reference (612) pour 
recevoir les tensions de verification de referen- 
ce et produire un signal de circuit de detection 
de reference (REFSEN) quand le signal de ve- 
rification est applique ; 

un premier preamplificateur (614) recevant le 
signal REFSEN, et le signal provenant du drain 
de la cellule de reference particuliere et produi- 
sant une premiere tension amplifiee de detec- 
tion indicatrice du signal provenant du drain de 
la cellule particuliere quand le signal REFSEN 
est applique ; 

un deuxieme preamplificateur recevant le si- 
gnal REFSEN, et le signal provenant du drain 
de la cellule de binaire dore et produisant une 
deuxieme tension amplifiee de detection indi- 
catrice du signal provenant de la grille de la cel- 
lule de binaire dore quand le signal REFSEN 
est applique ; 

un amplificateur de detection (616) recevant les 
premiere et deuxieme tensions amplifiee de de- 
tection et produisant un signal indiquant quand 
les premiere et deuxieme tensions amplifiee de 
detection sont sensiblement egales. 



EP 0 656 628 B1 



VCC vcc 




13 



EP 0 656 628 B1 



4.00 V p STATE 

2.90 V REFERENCE STATE 

1. 80 V I STATE 

SINGLE DENSITY 

4.00 V : 0 0 STATE 

3 45 v REFERENCE STATE B 

2.90 V 00.5 STATE 

2.35 v REFERENCE STATE A 

1.80 V I I STATE 

3/2 DENSITY 

4.00 V ■ — 0 0 STATE 

3.63 V REFERENCE STATE C 

3. Z7 V 0 I STATE 

2.90V REFERENCE STATE B 

2.53 V I O STATE 

2.17 V REFERENCE STATE A 

1.80 V I I STATE 

DOUBLE DENSITY 

FIG. 2 



14 



EP 0 656 628 B1 



VSEU 




FIG. 4 



EP 0 656 628 B1 



z 



504 



ARRAY CELL 
PROGRAM- 
VERIFY 



FIG. 5 



400 



506 
VI 



REFERENCE 

CELL 
PROGRAM- 
VERIFY 



-• 4- 

502-1 



402-/ 



i- 402in-/) 



-* O 



502-n 



16 



EP 0 656 628 B1 



PRREF- 



PROGRAM - 
VERIFY 
SIGNAL 

PRREF 

VPX 
VPR06 
VERIFY 
PGM 



*602 



608 



FIG. 6 

PART A 



-VERIFY 
PRREF- PRfcEF 



REFERENCE 
COUNT 



RDSOO 
RDSOI 
RDS02 
RDS03 



ROWO 
ROW I 
ROW 2 
ROW3 
R0W4 
ROWS 



COLp 

colj; 

COL2 
C0L3 



7 



604 



READ- 



JL 



SENSE 
BIAS 

VPX 
PGM 

REAO 

PRREF 

ROWO REFWLO 
ROW I REFWLI 
R0W2 REFWL2 
R0W3 REFWL3 
ROW4 REFWL4 
ROWS REFWL5 



REFERENCE 

BIAS 
COLO 
COL I 

C0L2" MSTRWL 
C0L3 



^00 



REFERENCE 
ARRAY 



REFWLO 

REFWLI RS=BLO 
REFWL2 REFBL I 
REFWL3 
RffWL4 
REFWL5 
MSTRWL 



REFB12 
REFBL3 -O 
— | REFWL5 60LBL -O 



PR REP- 



DATA BUFFER 
REFERENCE 
VPR06 
PGM 
PRREF 

COLO REFBLO 

COL I REFBL I 

COL2 REF8L2 

COL3 REFBL3 



6t0 



-606 



PRREF— 



612' 



REFERENCE 

SENSE 
VERIFY 
PRREF 

COLO REFSENO 
COL I REFSEN t 
COL2 

COL 3 REFSEN 3 
REFSEN4 



REFSEN 2 -O 



17 



EP 0 656 628 B1 



FIG. 6 

PART B 



614. 




CASCODE 
PREAMPLIFIERS 

SAREFO 



REFQLO 

REFBLI SAREF I 
REF8L2 
REFBL3 
GOLBL 



SAREF2 

R5F5EN0 
REFSENt 
REFSEN2 
REF58N3 SAREF 3 
REFSEN4 



SAREF4 



6/6 



SAREF! 

SAREF4 RDSOI 
REFSENI 



SENSE 
AMPLIFIERS 
SAREFO 

SAREF4 RDSOO 
REFSENO 



SAREF2 
SAREF4 RDSOa 
REFSEHa 



SAREF 3 

SAREF4 RDSD3 
REFSEN3 



18 



EP 0 656 628 B1 



REFWLO O- 



REFWL I O- 



REFWL2 O- 



REFWL3 O- 



REFWL4 o- 



REFWL5 O- 



MSTRWLD — 1| 



4t 



i iij 53 — lie 1 



- REFBLO"- REFBLI— REFBL2 <>~ REFBL3 



3 



-in 



-O REFBLO -OaEFBLI -OREFBL2 -OREFBL3 



1 



-III 



lie =*« — ii 




4 



- REFBLO - REFBLI - REFBL2- REFBL3 



T 



GOLBL 



no. 7 



19 



i 



EP 0 656 628 B1 




OOQO 
oooo 



8 



m 
o 



j 



00 



E 

CO q<j otc 



X 



O CP 

±il 



r 



T 



o 



j 



00 



or cq 



tL< ID III 



IS 



CVJ 

oo 



w ooo« 



So 

O0 




> 




20 



EP 0 656 628 B1 




21 



EP 0 656 628 B1 




22 

i 



EP 0 656 628 B1 




23 



EP 0 656 628 B1 



1225 



VCC 



l224"ZU>l-0 




1204 



1214 



1203 



1213 



l222~ZGOLZ 




1202 



1212 



FIG. 12 



<i O MSTRWL 



1302 



VERIFY 
PRREF 




1321 



COLO 



COL I 



COL 2 



C0L3 





1322 




1323 




1324 




FIG. 13 



1311 



1312 




1313 



1314 




REFSENO 



-OREFSEN/ 



-OREFSEN 2 



1326 



-OREFSEN3 



1326 




REFSEM4 



24 



EP 0 656 628 B1 



FIG. 14 



vcc vcc 



1408 



REFSENi 




T 1410 

' "Wee 



14/0 1404 



1420 




1418 



1406 



SAREFi 



H 



HIT 



/4/4 



REFBLi 



REFSENi 
SAREFI 
SAREF4 




RDSOi 

1500 

FIG. 15 



25 



